Familial adenomatous polyposis (FAP) is a dominantly inherited predisposition to the development of many hundreds to thousands of adenomatous polyps of the colon. The mean age of onset is around 15 years, symptoms may arise in the third decade, and the median age for the development of colonic cancer is 35-40 years. Prophylactic colectomy reduces the risk of death from colorectal cancer to such an extent that late sequelae such as upper gastrointestinal tumours have become the main cause of mortality in appropriately managed patients. The age at which colonic surveillance begins reflects the natural history of the disease. Onset of polyp formation and cancer in childhood is very unusual, but has recently been associated with a specific mutation at codon 1309 in exon 15 where a more severe phenotype is sometimes observed. The case histories of two families are reported in which there is childhood onset of polyps in the youngest generation and in one case a carcinoma, in whom mutations have been identified in exon 11 of the APC gene. Several other aVected relatives were diagnosed at ages ranging from 5-48 years, some already with a cancer at the time of first screening. Since the aim of screening for colonic polyps is prevention of colonic cancer, family members at risk should be oVered genetic assessment and direct mutation testing where this is possible, usually in the early teens. In the absence of a genetic test (the situation in about one third of families) or in a known gene carrier, annual colonoscopy examination is advised from the same age. Clinicians should take note of the family history and be prepared to consider much earlier intervention if symptoms occur in a child with a family history of FAP. Where childhood onset of polyps has occurred, other children at risk in the family must be oVered earlier genetic testing and endoscopic surveillance.
The gene for familial adenomatous polyposis (FAP) was localised in 1987, 1 and identified in 1991. 2 3 Many of the identified mutations are unique to a single family but some commoner mutations have been found, accounting for about 10% of families. 3 4 Since the cloning of the gene, correlations between the clinical features in family members and the site of the mutation within the gene have been sought. [5] [6] [7] [8] The presence of congenital hypertrophy of the retinal pigment epithelium correlates with mutations found 3' of exon 9 and 5' of codon 1444 in exon 15. 5 6 This feature, however, shows intrafamilial variability, and requires an experienced ophthalmological assessment to detect the more subtle lesions. Knowledge of the mutation site and the likely severity of polyposis may also influence choices on primary preventive surgery. 9 A particularly severe form of polyposis with extra colonic manifestations, and early onset of polyposis, has been associated with mutations in exon 15 at codon 1309. [10] [11] [12] [13] We report two unrelated families where bowel symptoms and colonic adenomas have arisen in childhood; in each family there is a causative mutation in exon 11 of the APC gene. In both families there is an unusually early onset of multiple colonic polyps, congenital hypertrophy of the retinal pigment epithelium, osteomas, and sebaceous cysts, although desmoid disease has not been observed. The early age at onset in these families raises issues about genetic testing in childhood, bowel screening, and surgery, all of which may need to be brought forward by several years from the usual recommendations.
14

Materials and methods
CLINICAL SAMPLES
Two unrelated families were separately identified through aVected members who showed a classic picture of FAP diagnosed in the respective probands aged 7 and 15 years respectively. Both had the unusual feature of childhood onset of polyps in the younger generation. Venous blood samples from family members were collected and DNA extracted from peripheral blood leucocytes using standard procedures.
LINKAGE AND MUTATION ANALYSIS
Initially, linkage analysis was done using polymorphic markers flanking the APC gene (Pi227; C11p11; ECB27; YN5.48). Haplotypes were constructed using these four flanking markers allowing identification of the high risk haplotype. Subsequently, mutation analysis became possible and was initially done on one aVected member of each family. This was done by polymerase chain reaction (PCR) amplification of each exon of the APC gene, or part of exon in the case of exon 15, and was followed with denaturing gel electrophoresis as previously described. 7 Variant PCR products were sequenced on two separate occasions using a thermal cycle dideoxy DNA sequencing kit (New England Biolabs). 7 After the mutation had been confirmed by sequencing, other family members at risk were tested by denaturing gel electrophoresis.
Results
FAMILY 1
The family member who brought the family to the attention of the genetics service was V.I in pedigree 1 (fig 1) . She presented to the surgeons at the age of 3 years with a sebaceous cyst on her cheek. At 7 years of age she was investigated for a two year history of rectal bleeding. Sigmoidoscopy showed rectal polyps and subsequent colonoscopy showed many hundreds of small polyps throughout the colon. A biopsy specimen of some of the polyps confirmed these to be tubular adenomata with moderate dysplasia. She was followed up a year later again with colonoscopy at which time biopsy specimens were taken from further large polyps and one of these had the appearances of an early invasive carcinoma. She proceeded directly to a subtotal colectomy, and ileorectal anastomosis and histological examination confirmed the presence of a Dukes's stage A carcinoma. She was 9 years old at the diagnosis of her carcinoma and has remained well since then continuing with surveillance of the remaining rectal mucosa.
At the time of diagnosis of adenomatous polyposis in the child, a family history was taken which showed that her grandmother (III.2), great uncle (III.3), and great grandmother (II.2) had all had bowel cancers. The family was referred for genetic counselling, and the mother (IV.2), her brother (IV.6), and sister (IV.4) were referred on for colonoscopy examination.
Individual III.2 presented initially at 51 years of age with several years of rectal bleeding, and was found at colonoscopy to have adenomatous polyps throughout the large bowel, some up to 2 cm in diameter. The diagnosis of FAP was made in her on the basis of the findings at endoscopy and confirmed in the resected colon specimen. The family were not oVered screening at that stage in 1985, her youngest child was then 19 years of age. Two years later she was investigated for acute upper abdominal pain and jaundice and was found to have a carcinoma of the ampulla of Vater for which she had a pancreaticoduodenectomy. She died in the postoperative period of complications from this operation.
Individual IV.2 (age 27) admitted to intermittent rectal bleeding for several years on direct questioning in the genetics clinic. She was also noted to have several epidermoid cysts and asymptomatic mandibular osteomata. At the time of her colonoscopy she was found to have thousands of adenomatous polyps throughout the colon, and histological examination of the subsequently resected colon showed that the polyps were most marked on the right side. Her sister, IV.4, who at age 29 similarly underwent bowel examination, was also found to also have florid colonic polyposis and she proceeded to total colectomy. Neither individual has developed cancer.
IV.2 and V.1 have multiple pigmented retinal lesions (congenital hypertrophy of the retinal pigment epithelium) on ophthalmological review. Markers linked to the APC locus were used initially to assign high or low risks to other children in the family before bowel examination was oVered. The results of linkage testing have subsequently been confirmed with mutation analysis. FAMILY 2 This large family was referred initially to the genetics service because of the outcome of investigation of a 6 year old girl (V.2) after her mother was diagnosed with familial polyposis (fig 2) . The daughter (V.2) was found on colonoscopy to have multiple small adenomatous polyps. There was minimal dysplasia and she continued under review until the age of 9 years when she had a colectomy. Nearly 100 polyps were present macroscopically in the specimen, none greater than 10 mm and none with more than mild dysplasia. The girl's mother (IV.8) developed rectal bleeding aged 10 years and had hundreds of polyps at the time of her first screen at 15 years. She underwent colectomy in her teens. The clinical course in IV.5 was very similar; the two sisters' other two daughters (V.4 and V.1) had colonoscopy at 5 and 7 years respectively and neither has yet developed histologically proved adenomatous polyps. V.1 had an irregular appearance to the rectal mucosa, but a biopsy specimen taken from it showed normal colonic mucosa. Both are known to carry the mutation shown in aVected family members. Their grandfather III.4 had his first colonoscopy aged 36 years at which time hundreds of polyps were seen and at colectomy he had a Dukes's stage A carcinoma. His cousin (III.1) was first screened at 45 years and was found to have an invasive carcinoma from which she died a year later. In her two aVected sons (IV.1 and IV.3), both of whom carry the mutation, the first screen was carried out at the time of their mother's diagnosis. The older son (IV.1) at the age of 25 years had very sparse polyps and is being managed conservatively. In contrast, his younger brother (IV.3) at the age of 13 years had already experienced rectal bleeding for a few years, had hundreds of polyps at colonoscopy, and proceeded directly to prophylactic colectomy.
MUTATION ANALYSIS
A variant pattern in exon 11 was identified by denaturing gradient gel electrophoresis in familes 1 and 2. These variants were sequenced, and in family 1 was identified as a C to T transition at codon 499. In family 2, the mutation was identified as a C to T transition at codon 486. Both mutations lead to the 
In family 1, this mutation was present in all aVected members tested (IV.2, V.1, and V.4), but not present in V.5 and V.3 who were at risk. In family 2, the mutation was also present in all aVected family members (III.4, IV.1, IV.3, IV.5, IV.8, V.1, V.2, V.4), but absent from IV.2, IV.6, and V.3.
Discussion
FAP is caused by a mutation in the APC gene which is located on the long arm of chromosome 5 (5q21-22). Mutations are scattered throughout the gene. These two families show that onset of polyposis can rarely occur in childhood and this feature is not always associated with exon 15 mutations. Intrafamilial variability is also a recognised feature of FAP, and is observed particularly in these two families where screening in the youngest generation was initiated at a very early age.
Correlations between the site of the mutation in the very large APC gene and the clinical features in families may exist and can help in pinpointing a likely site of mutation, thus limiting the amount of time it takes to detect a causative mutation. For example, an attenuated form of the disease with a later onset and fewer polyps has been associated with a mutation in the first 4 exons, 15 and with mutations at the 3' end of the gene. 16 17 Other correlations are less certain but, for example, the presence of retinal pigmentary changes (congenital hypertrophy of the retinal pigment epithelium) observed in about 70% of patients and the presence of desmoid tumours (a relatively unusual feature) correlate with mutations in particular regions of the gene. 5 13 18 Recently, we have observed hereditary desmoid disease without polyposis associated with a 3' APC mutation. 19 Correlations between the clinical picture and the site of mutation may give some insight into the function of the protein product of the APC gene which is as yet uncertain. A number of specific domains, such as the region involved in binding APC to catenin (an increasingly important cell adhesion molecule), have been identified, which give some clues to possible function. 20 21 Other functional domains include the amino terminal region involved in oligodimerisation of the protein, 22 23 and a carboxy terminal amino acid cluster involved in binding APC to the cytoskeleton. 24 25 Mutations interfering specifically with diVerent functional domains may lead to diVering clinical eVects.
The correlation between mutation site and clinical features has given some clues to the structure and function of the APC gene product. Most mutations create an abnormally short protein product. Dimerisation of the protein occurs through the 5' end (front end) of the protein, this coupling can still occur with all but the most truncated of proteins. Binding of normal protein with truncated protein may reduce, or abolish, normal activity of those complexes. Short truncated proteins are unstable and cannot therefore form mutant/wild type dimers. This results in expression of normal protein in the cells but at half the normal concentration (dosage eVect). Patients with mutations at the 5' end of the gene therefore have a milder than normal phenotype. The more severe phenotype associated with the mutation at codon 1309 has been suggested to be due to the fact that the catenin binding domains are present in the truncated protein which may alter growth regulating signals. The mutations described in this paper lie within the heptad region of APC, and the truncated protein would lose the catenin binding domain. In these families, the phenotype is at least as severe as in patients with the 1309 mutation so there must be an alternative explanation related to the function of the gene to account for the severity in these two families.
In addition to the early onset, particularly in family 2, there is marked intrafamilial variability in gene expression. This variability raises the possibility of human modifier genes. The presence of modifier gene(s) has been suggested in mouse models of FAP. 26 27 Assessment of polyp numbers can be somewhat subjective, especially when carried out in retrospect by diVerent clinicians, and therefore the age at presentation with symptoms may be a better guide to disease severity. In family 1, there is apparent anticipation with a much earlier age at onset of symptoms in the youngest generation. This has been observed in some other FAP kindreds, 28 but it is still unclear whether this observation may at least in part be due to ascertainment bias. There are certainly inherited conditions where earlier age at onset in successive generations is very clear (for example, myotonic dystrophy), but for most of these the underlying genetic mechanism is somewhat diVerent. In the formation of adenomatous polyps and colon cancer, however, there are a succession of acquired genetic hits and one might speculate about diVering environmental agents to explain earlier ages at onset of polyps and cancers with successive generations.
In view of the well described natural history, most registers for managing the clinical follow up of individuals who are at risk of developing FAP recommend starting bowel examination from 12-15 years of age. 29 The initial examination may be done by the paediatrician under general anaesthetic. Bowel examination is done annually until polyps become numerous, at which time prophylactic colectomy is planned. Often, if the responsible mutation in the family has been identified, family members can be oVered a simple blood test before a colonoscopy. In those who do not carry the gene, this invasive test can thereby be avoided altogether. Without a gene test, those at 50% risk should be checked annually until they are at least 40 years of age because of the variation in the age at onset which can occur in this condition.
Genetic testing in children is usually avoided for adult onset conditions and is oVered at a time when the individual can make his or her own informed choice.
14 Testing children could potentially aVect the way they are treated within the family. Where the testing will impact on the clinical management of a child, however, testing at a much younger age may be appropriate. In the families described above, two cases (V.4 in fig 1 and V.2 in fig 2) shown to have the gene had polyps at the time of their first screening aged 7 and 6 years. Histological assessment is essential, and colonoscopy is the investigation of choice. Barium enema is of limited value and repeated x ray examinations in childhood and during reproductive years is not desirable. In view, in particular, of the cancer in one 9 year old patient we have recommended that bowel examination is carried out from 5 years of age in these two families. In this particular situation it is therefore appropriate to oVer mutation analysis in the year before this. It is likely that there are specific sites in the APC gene more likely to be associated with a severe phenotype, we suggest that exon 11 is one such region in addition to the 1309 mutation in exon 15.
In conclusion, all families with FAP should be assessed in a clinical genetics department. In many, a genetic test will be possible, thereby avoiding unnecessary and invasive investigations in children and young adults at risk of carrying the gene. Although in most families polyp formation starts in the second decade, there are a few families with FAP where the position of the mutation is correlated with an earlier onset of polyps and cancer predisposition. In most families with polyposis, colonoscopic surveillance should begin in gene carriers and those at 50% risk (siblings and children of gene carriers) in the second decade commensurate with the age at onset of polyp growth. A careful family history is important in a symptomatic child and a family history of FAP should not be ignored, but should prompt investigation with the possibility of serious pathology a little more likely in this circumstance. Where polyps or cancers have occurred in childhood, early genetic testing and presymptomatic screening of at risk relatives is indicated. 
